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(54) Solidly mounted mu It! resonator bulk acoustic wave filter with a patterned acoustic mirror 



(57) A method of fabricating a mufli-resonator bulk 
acoustic wave (BAW) filter and a filter provided by such 
a method, the filter having a plurality of layers of mate- 
rials serving as an acoustic mirror for a plurality of res- 
onator sections, each resonator section including at 
least a top electrode and a bottom electrode sandwich- 
ing a piezolayer, the method including the steps of: 
choosing dielectric materials for some of the layers of 
materials serving as the acoustic mirror and metallic ma- 
terials for the others of the layers; and providing at least 
one of the metallic layers via a fabrication procedure in 
which the metallic layer is patterned into distinct portions 
by an etching process that removes enough of the me- 
tallic layer between where different resonator sections 
are to be placed as to provide electrical isolation be- 
tween the portions of the layer beneath the different res- 
onator sections; thereby providing a multi-resonator 
BAW filter with reduced capacitive coupling between 
resonators, compared to the capacitive coupling 
present in a multi-resonator BAW filter fashioned in a 
similar manner except excluding the step of etching to 
pattern any metallic layers of the similarly fashioned 
acoustic mirror 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to bulk acoustic 5 
wave resonators. More particularly, the present inven- 
tion relates to multi-resonator bulk acoustic wave filters 
with acoustic mirrors. 

BACKGROUND OF THE INVENTION 10 

[0002] Athinfilm bulk acoustic wave (BAW) resonator 
is based on a layer of piezoelectric material, such as 
ZnO or AIN. and in some cases includes an acoustic 
mirror. Such a device converts sound waves to electric 15 
signals, and vice versa, and can be used as a filter in 
electronic circuits because of its frequency dependent 
electrical impedance. Typically, the acoustic mirror is 
formed from a combination of layers of materials of dif- 
fering acoustic Impedance, The acoustic mirror is built 20 
up on a substrate of for example glass by depositing its 
various layers of different materials so as to form a stack 
of layers of different materials on the substrate. Next, a 
bottom electrode is deposited on the acoustic mirror, 
and the piezoelectric material is then deposited on the 25 
bottom electrode forming a so called piezolayer. Finally, 
a top electrode is deposited on the piezolayer. The com- 
bination of top and bottom electrodes and the piezolayer 
forms what is called the resonator section of the device. 
The acoustic mirror serves to reflect acoustic waves ere- 30 
ated by the piezolayer in response to a voltage applied 
across the electrodes, thereby isolating the substrate 
from the piezolayer. 

[0003] An example of a resonator including an acous- 
tic mirror is disclosed in the article entitled "Develop- 35 
ment of Miniature Filters for Wireless Applications", 
IEEE Transactions on Microwave Theory and Tech- 
niques, Vol. 43, No. 12, December 1995. The acoustic 
mirror in such a resonator may include a lower layer hav- 
ing a low acoustic impedance and a thickness of approx- 
imately one-quarter wavelength, and an upper layer 
having a high acoustic impedance. In such a device, a 
layer pair serves as an "impedance transformer," since 
it can transform the acoustic impedance of a substrate 
to a very low value. In a device where each of the layers 45 
has a thickness of approximately one-quarter wave- 
length, the conversion factor of the pair of layers is equal 
to the square of the ratio of their respective Impedances. 
[0004] Besides BAW resonators including acoustic 
mirrors, it is known in the art to provide BAW resonators 50 
constructed on a membrane, with an airgap separating 
the resonator section from the substrate. The disadvan- 
tages of the membrane type approach are that it is dif- 
ficult to produce the layers on top of the membrane so 
that they have sufficiently small mechanical stress, 55 
which would break or bend the membrane. In addition, 
the membrane structure is not very rugged mechanical- 
ly, which complicates the handling and dicing of ready 



wafers (glass or silicon wafers, 4" to 8" in diameter, that 
are fully processed, containing thousands of resonator- 
based filters). Depending on the type of membrane, 
there may be limitations on the possible substrate ma- 
terial that can be used. 

[0005] The acoustic mirror type of BAW resonator is 
clearly more rugged, since the entire structure is solidly 
mounted on the substrate. The mirror operates basically 
as a 7J4 transformer, i.e. it consists of multiple pairs of 
alternating layers of high and low acoustic impedance 
materials, each approximately acoustically one quarter 
wavelength thick. Thus, the entire stack transforms the 
acoustic impedance of the substrate to a very low im- 
pedance at the minror/bottom electrode interface, creat- 
ing an acoustically reflective interface similar to the air 
interface in membrane type structures. The optimal op- 
eration of the mirror requires that the difference in the 
high and low impedance be as large as possible. The 
difference in the acoustic impedance of currently avail- 
able dielectric films is not large so that a large number 
of layers must be used for an all-dielectric acoustic mir- 
ror. Using a large number of layers reduces the band- 
width of the mirror and complicates its fabrication. 
[0006] By using metal and dielectric layers to make 
an acoustic mirror, the impedance difference can be in- 
creased considerably, but so doing introduces a large 
capacitance provided by the bottom electrode and the 
top metal layer of the mirror As illustrated in Fig. 1 , such 
capacitance degrades the performance of filters con- 
sisting of two or more resonators on a single substrate; 
the top metallic layer of the mirror creates a capacitance 
from each bottom electrode to all the other bottom elec- 
trodes In a filter, providing a parasitic capacitive coupling 
between the resonators. 

[0007] What is needed is an acoustic-mirror type of 

resonator in which the acoustic mirror consists of alter- 
nating metallic and dielectric layers so as to provide 
good reflectivity with a relatively small number of layers, 
but does not introduce capacitive coupling to other res- 
onators formed on the same substrate and using the 
same acoustic mirror. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention provides a 
method of fabricating a multi-resonator bulk acoustic 
wave (BAW) filter and also a filter provided by such a 
method, the filter having a plurality of layers of materials 
sen/ing as an acoustic mirror for a plurality of resonator 
sections, each resonator section Including at least a top 
electrode and a bottom electrode sandwiching a pie- 
zolayer, the method including the steps of: choosing di- 
electric materials for some of the layers of ma-terials 
sen/ing as the acoustic mirror and metallic materials for 
the others of the layers; and providing at least one of the 
metallic layers via a fabrication procedure in which the 
metallic layer is patterned into distinct portions by an 
etching process that removes enough of the metallic lay- 
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er between where different resonator sections are to be 
placed as to provide electrical isolation between the por- 
tions of the layer beneath the different resonator sec- 
tions; thereby providing a multi-resonator BAWfilterwith 
reduced capacitive coupling between resonators, com- ^ 
pared to the capacitive coupling present in a multi-res- 
onator BAW filter fashioned in a similar manner except 
excluding the step of etching to pattern any metallic lay- 
ers of the similarly fashioned acoustic mirror. 
[0009] In a further aspect of the invention, all of the 
metallic layers are patterned into distinct portions so as 
to provide electrical isolation between the portions of the 
all of the layers beneath the different resonator sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The above and other objects, features and ad- 
vantages of the invention will become apparent from a 
consideration of the subsequent detailed description 
presented in connection with accompanying drawings, 
in which: 

Fig. 1 Is a schematic of a multi-resonator filter, con- 
sisting of several acoustic mirror type BAW resona- 
tors, according to the prior art, illustrating capacitive 
coupling when metallic layers are used in the 
acoustic mirror; 

Fig. 2 is a plan view of a multi-resonator filter, con- 
sisting of several acoustic mirror type BAW resona- 
tors, according to the present invention; 

Fig. 3 is an elevation view of one of the resonators 
illustrated in Fig. 2; 

Fig. 4 is an illustration of one process for fabricating 
a multi-resonator filter, consisting of several acous- 
tic mirror type BAW resonators, according to the 
present invention, a process in which, from among 
the layers of the acoustic mirror material, only the 
metallic layers are patterned (i.e. removed from 
some selected areas of the face of the filter), not the 
dielectric layers (although other layers making up 
the filter are also patterned, including the bottom 
and top electrode); 

Fig. 5 is an illustration of an alternative process for 
fabricating a multi-resonator filter, consisting of sev- 
eral acoustic mirror type BAW resonators, accord- 
ing to the present invention, a process that achieves 
the same end result of eliminating the source of par- 
asitic capacitances, but patterns both the metallic 
layers that will serve as components of the acoustic 
mirror beneath each resonator section, as well as 
the dielectric layers; and 

Fig. 6 is an illustration of a process that is a slight 
variation of the process depicted in Fig. 5. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0011] Referring now to Figs. 2 and 3, according to 
the present invention, an acoustic-mirror type multi-res- 
onator BAW filter consists of resonator sections 1112 
situated on top of acoustic mirror layers 14, including 
metallic layers and dielectric layers, deposited on a sub- 
strate 15 so that no metallic mirror layer extends to be- 
neath more than one resonator section. As is explained 
below, to fabricate such an acoustic-mirror type multi- 
resonator BAW filter, at least the metallic layers of the 
acoustic mirror are removed from between the resona- 
tor sections. Such selective removal of a deposited ma- 
terial is here called patterning the deposited material. 
[0012] There are basically two ways of ^bricating a 
multi-resonator BAW filter including an acoustic mirror, 
having metallic layers and dielectric layers, in which at 
least the metallic layers are patterned. Referring now to 
Fig. 4, one method is to deposit in turn the successive 
layers making up the acoustic mirror, and in so doing, 
after depositing each metallic layer, to selectively re- 
move it from between each region where a resonator 
section will be built up before depositing the next dielec- 
tric layer. The deposition of the metals is usually done 
by sputtering. The dielectric layers can be grown for ex- 
ample by Chemical Vapor Deposition (CVD) or Plasma 
Enhanced CVD. The selective removal (called here pa^- 
terning) of the metallic layers can be done by either wet 
or dry etching. With either etching method, it is possible 
to obtain sloped edges of the metallic layers, which is 
helpful in avoiding step coverage problems. The result- 
ing layer stack for one resonator is shown schematically 
in Fig. 3. For the dielectric (low acoustic impedance) lay- 
ers, the preferred materials are Si02 or Si3N4, and the 
prefen-ed materials for the metallic (high impedance) 
layers are W or Mo, although other materials can also 
be used. When the piezolayer is deposited, it extends 
across the entire face of the substrate (on top of the lay- 
ers already deposited). The piezolayer can either be left 
unpatterned (not selectively removed), for example 
when fabricating a two-stage balanced filter (except for 
providing for vias, i.e. holes in a dielectric layer created 
by patterning the layer so that when a metal is then de- 
posited on the dielectric layer it will fill the hole, thus pro- 
viding a connection through the dielectric layer), or the 
piezolayer can be removed everywhere except on top 
of each mirror stack. 

[0013] Referring now to Fig. 5. the second method of 
fabricating a multi-resonator BAWfilterwith an acoustic 
mirror having patterned metallic layers is to first deposit 
all the mirror layers and then etch through all the layers 
to the substrate surface, thereby patterning (selectively 
removing) not only the metallic layers between each res- 
onator section, but also the dielectric layers. The sub- 
strate between resonators is then left bare, and there Is 
a large step from the substrate surface to the top of the 
mirror. Because of the large step, the entire structure of 
individual acoustic mirrors sitting on top of a bare sub- 
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strate should be planarized, i.e. a thick layer of some 
dielectric material such as Si02 or Si3N4 should be de- 
posited over the structure and then polished by for ex- 
ample Chemical Mechanical Polishing (CMP) down to 
the top of the mirror stacks. After planarizing the struc- 5 
ture, the electrodes and the piezolayer are deposited on 
the polished structure, according to the location of each 
embedded acoustic mirror. 

[0014] Various modifications to the two above meth- 
ods will be apparent to those skilled in the art. For ex- 
ample, referring now to Fig. 6, the second method can 
be modified by etching and planarizing the mirror stack 
before depositing the last dielectric mirror layer. Such a 
modification makes it easier to determine when to stop 
polishing (which in such a modified procedure would be 
when the surface of the topmost metallic mirror layer is 
reached). One could also deposit an additional, sacrifi- 
cial layer to avoid dishing of the mirror layers, i.e. to 
avoid having the mirror layers warp into the shape of a 
dish, which often occurs in a CMP process. 
[0015] As should be clear from the above description, 
the present invention also comprehends a multi-resona- 
tor BAW filter fabricated in such a way as to include a 
completely separate and distinct acoustic mirror be- 
neath each resonator section (advantageously 
planarized as described above), as opposed to the con- 
struction indicated in Fig. 4, in which each dielectric lay- 
er in the acoustic mirror material beneath one resonator 
section is deposited over the entire face of the substrate 
so as to extend beneath every other resonator section. 
[0016] No matter how many layers of an acoustic mir- 
ror are patterned, it is important to understand that only 
enough of a layer need be patterned into portions, i.e. 
removed from between where resonator sections are to 
be placed so as to provide distinct portions of the layer, 
as to provide electrical isolation between the portions of 
the layer beneath the different resonator sections. 
[0017] The inventors have discovered that by fabricat- 
ing a multi-resonator BAW filter according to the inven- 
tion, there is an improvement (reduced response) in the 
frequency response of the filter not only away from the 
center frequency, but there is also an improvement in 
the response at or near the center frequency. Where a 
filter according to the prior art will sometimes exhibit a 
response at or near the center frequency that is highly 
irregular (i.e. having a deep notch) as a result of the 
above-described parasitic capacitances, the response 
of a filter according to the invention is that of a relatively 
well-behaved band^pass filter, with a response away 
from the center frequency that is as much as 6 dB below 
that of a filter according to the prior art. Although notch- 
ing near the center frequency of an acoustic mirror type 
multi-resonator filter can be avoided by taking steps that 
do not include patterning the metallic layers of the 
acoustic mirror as in the invention, such steps often re- 
sult in a reduced bandwidth for the filter. No such band- 
width reduction occurs in the case of fabricating a filter 
according to the present invention. 



[001 8] it is to be understood that the above-described 
arrangements are only illustrative of the application of 
the principles of the present invention. Numerous mod- 
ifications and alternative arrangements may be devised 
by those skilled in the art without departing from the spirit 
and scope of the present invention, and the appended 
claims are intended to cover such modifications and ar- 
rangements. 
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Claims 

1. A method of fabricating a multi-resonator bulk 
acoustic wave (BAW) filter having a plurality of lay- 

15 ers of materials serving as an acoustic mirror for a 
plurality of resonator sections, each resonator sec- 
tion including at least a top electrode and a bottom 
electrode sandwiching a piezolayer, the method 
comprising the steps of: 

20 

a) choosing dielectric materials for some of the 
layers of materials serving as the acoustic mir- 
ror and metallic materials for the others of the 
layers; and 

25 

b) providing at least one of the metallic layers 
via a fabrication procedure in which the metallic 
layer is patterned into distinct portions by an 
etching process that removes enough of the 

30 metallic layer between where different resona- 

tor sections are to be placed as to provide elec- 
trical isolation between the portions of the layer 
beneath the different resonator sections; 

35 thereby providing a multi-resonator BAW filter with 
reduced capacitive coupling between resonators, 
compared to the capacitive coupling present in a 
multi-resonator BAW filter fashioned in a similar 
manner except excluding the step of etching to pat- 
^0 tern any metallic layers of the similarly feshioned 
acoustic mirror. 

2. A method as in claim 1 , wherein all of the metallic 
layers of the acoustic mirror are patterned into dis- 

45 tincl portions by an etching process that removes 
enough of the metallic layers between where differ- 
ent resonator sections are to be placed as to pro- 
vide electrical isolation between all of the portions 
of the layers beneath the different resonator sec- 
50 tions. 

3. A method as in claim 1 , wherein step (b) comprises 
the step of depositing consecutively the different 
layers of the acoustic mirror, with the dielectric lay- 

55 ers alternating with the metallic layers and with the 
layer nearest the resonator being a dielectric, 
wherein each metallic layer is patterned as in step 
(b) before depositing the next dielectric layer. 
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4. A method as in claim 1 , wherein step (b) comprises 
the steps of: 

a) depositing consecutively all of the different 
layers of the acoustic mirror, beginning with a 
metallic layer, so that the dielectric layers alter- 
nate with the metallic layers; 

b) etching through all of the layers of the acous- 
tic mirror, down to the substrate surface, so as 
to leave on the substrate a pillbox-type struc- 
ture of the different layers of the acoustic mirror, 
thereby providing patterned metallic layers and 
dielectric layers; and 

c) depositing as a filler a dielectric material on 
the substrate to replace the material removed 
from the acoustic mirror layers, the depositing 
being sufficient in depth to allow polishing the 
filler down to the top layer of the acoustic min'or. 

5. A method as in claim 1 , wherein step (b) comprises 
the steps of: 

a) depositing consecutively the different layers 
of the acoustic mirror, beginning with a metallic 
layer and continuing up to but not including the 
layer that is to be nearest the resonator, so that 
the dielectric layers alternate with the metallic 
layers; 

b) etching through all of the deposited layers of 
the acoustic mirror, down to the substrate sur- 
face, so as to leave on the substrate a pillbox- 
type structure of the different deposited layers 
of the acoustic mirror, thereby providing pat- 
terned metallic layers and patterned dielectric 
layers; 

c) depositing as a filler a dielectric material on 
the substrate to replace the material removed 
from the acoustic mirror layers, the depositing 
being sufficient in depth to allow polishing the 
filler down to the top deposited layer of the 
acoustic mirror; and 

d) depositing the top layer of the acoustic mirror 
so as to cover not only the already deposited, 
patterned layers of the acoustic material, but al- 
so the filler 

6. A method as in claim 1 , wherein at least one of the 
resonator sections is a stacked crystal structure in- 
cluding a top electrode, a middle electrode that is 
sometimes grounded, and a bottom electrode, and 
also including two piezolayers sandwiched be- 
tween the three electrodes. 



7. A multi-resonator bulk acoustic wave (BAW) filter 
having a plurality of layers of materials serving as 
an acoustic mirror for a plurality of resonator sec- 
tions, each resonator section including at least a top 

5 electrode and a bottom electrode sandwiching a pi- 
ezolayer, wherein some of the layers of the acoustic 
mirror are fabricated from dielectric materials and 
others from metallic materials, and further wherein 
at least one of the metallic layers is patterned into 

10 distinct portions by an etching process that removes 
enough of the metallic layer between where differ- 
ent resonator sections are to be placed as to pro- 
vide electrical isolation between the portions of the 
layer beneath the different resonator sections. 

15 

8. A BAW filter as in claim 7, wherein all of the metallic 
layers are patterned into distinct portions by an 
etching process that removes enough of the metal- 
lic layers between where different resonator sec- 

20 tions are to be placed as to provide electrical isola- 
tion between all of the portions of the layers beneath 
the different resonator sections. 
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materials serving as the acoustic mirror and metallic ma- 
terials for the others of the layers; and providing at least 
one of the metallic layers via a fabrication procedure in 
which the metallic layer is patterned into distinct portions 
by an etching process that removes enough of the me- 
tallic layer between where different resonator sections 
are to be placed as to provide electrical isolation be- 
tween the portions of the layer beneath the different res- 
onator sections; thereby providing a multi-resonator 
BAW filter with reduced capacitive coupling between 
resonators, compared to the capacitive coupling 
present in a multi-resonator BAW filter fashioned in a 
similar manner except excluding the step of etching to 
pattern any metallic layers of the similarly fashioned 
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